Background--Atrial fibrillation (AF) is a common, growing, and costly medical condition. We aimed to evaluate the impact of a management algorithm for symptomatic AF that used an emergency department observation unit on hospital admission rates and patient outcomes.
annual hospitalizations associated with AF have nearly tripled, a trend that is projected to continue. 3, 4 The growing cost of AF, currently estimated to exceed $6 billion annually, is primarily attributable to the rising cost of hospitalization. 5, 6 However, the initial diagnosis, evaluation, and management of AF often occur in the ED. 3 Management of AF in the ED markedly varies worldwide, particularly regarding the selection of rate versus rhythm control. [7] [8] [9] Elective electrical cardioversion (ECV) is increasingly accepted as safe and effective management of acuteonset AF. [10] [11] [12] In the United States, 60% to 70% of patients who present to the ED for AF are admitted. 3, 13, 14 Given the explosive growth of this already prevalent condition and the challenge of hospital bed shortages, various solutions have been proposed, including protocols using aggressive electrical rhythm restoration and an ED observation unit (EDOU). 15 Initial feasibility studies have indicated potential reductions in length of stay and cost without increasing adverse events or readmission rates. [16] [17] [18] To reduce unnecessary hospital admissions and improve the cost and quality of care, a multidisciplinary team that included physicians and allied health staff representing cardiology, primary care, emergency medicine, and thrombophilia collaborated to create a management algorithm for patients presenting to the ED with symptomatic AF. This algorithm, which includes the use of ECV and the EDOU, was implemented on July 18, 2013. We sought to evaluate the impact of this algorithm on admission rates and patient outcomes.
Methods Study Design
A retrospective cohort study was conducted to compare the characteristics, dispositions, and outcomes of patients who presented before and after implementation of a practice algorithm for AF management. We compared consecutive patients who received a final ED diagnosis of AF from July 2011 and June 2012 (preintervention cohort) with those who presented after inception of the algorithm, from July 2013 through June 2014 (intervention cohort). We separated the cohorts by a year to potentially avoid capturing any effects of preliminary discussions about the algorithm during its creation. All study subjects provided written consent to have their medical records reviewed for research purposes. Patients were excluded if they did not consent to retrospective review or were younger than 18 years. The Mayo Clinic Institutional Review Board approved the research protocol.
Setting
The Mayo Clinic ED sees 80 000 patients annually and serves a 1265-bed hospital that includes 5 primary cardiology services (with a daily census of 60 patients), 6 catheterization procedure rooms, and a 16-bed cardiac intensive care unit. Approximately 6500 interventional cardiology procedures are performed annually, including 500 for the treatment of AF. About 3% of patients seen in the ED are admitted to the 9-bed EDOU annually. Exclusions to EDOU admission include necessity for restraints, 1:1 nursing care, inability to complete activities of daily living independently, behavioral problems, or isolation precautions. EDOU admission is further limited by room availability.
AF Management Algorithm
In the summer of 2013, a multidisciplinary team with representatives from emergency medicine, cardiology, primary care, and thrombophilia collaborated to create a practice algorithm for the management of patients who presented to the ED with a primary diagnosis of symptomatic AF. The goals were to improve quality of care and to reduce costly, unnecessary admissions. Identified challenges included the need to develop consistent recommendations for initiating anticoagulation therapy appropriately, arrange for reliable, prompt outpatient follow-up, and standardize ratecontrol strategies in terms of drug selection, dosing, and transition from intravenous to oral medication. The practice algorithm is summarized in Figure 1 .
Initially, patients were assessed for stability, which was primarily determined by the discretion of the provider, with instability being suggested by chest pain, ST-segment changes concerning for ischemia, respiratory distress, hypoxia, or hypotension. Patients deemed unstable were excluded from the treatment algorithm and were instead resuscitated as indicated by the clinical scenario.
After the initial evaluation and assessment of stability, intravenous (IV) diltiazem was recommended as the initial medication for rate control at an initial dose of 0.1 to 0.25 mg/kg or 10 to 20 mg IV over 2 minutes. This dose could be repeated 15 minutes later if the heart rate remained >110 beats per minute (bpm) and blood pressure remained adequate. Simultaneously, 30 mg of oral diltiazem was recommended to be administered after the initial bolus was given, which would be scheduled to be given every 6 hours while the patient remained in the ED. If the patient's heart rate continued to be >110 bpm after 2 doses of intravenous diltiazem and 30 mg of oral diltiazem, providers were instructed to consider initiation of a continuous diltiazem infusion at 5 mg/h titrated to a heart rate of 80 to 110 bpm, increased in increments of 3 to 5 mg/h every 5 minutes, as blood pressure allowed.
The need for anticoagulation therapy was determined by the CHADS 2 (congestive heart failure, hypertension, age, diabetes mellitus, prior stroke or transient ischemic attack) score, a clinical prediction rule that estimates the yearly risk of stroke in patients with AF, with higher scores indicating increased risk. 19 Patients with CHADS 2 scores ≥1 had anticoagulation therapy initiated, and patients with scores ≥2 received a 30-day prescription for dabigatran. Patients received standard treatment with low-molecular-weight heparin and warfarin if they had contraindications to dabigatran or if clinical judgment indicated that dabigatran was suboptimal therapy. Cardiology consultations were recommended for complex clinical scenarios, including patients with inadequate creatinine clearance. Notably, the algorithm was updated in June of 2015 to recommend the use of the CHA 2 DS 2 -vascular disease and sex category (-Vasc) and HAS-BLED (defined as hemorrhage involving a critical anatomic site, for example, intracranial, or a bleed requiring hospitalization, transfusion of ≥2 units of packed cells, or associated with a decrease in hemoglobin level of ≥2 g/L) scores to estimate the patient's respective risks of embolization and bleeding, to inform shared decision making between the provider and the patient regarding the initiation of anticoagulation. 20, 21 The algorithm also was updated to recommend the use of apixaban or rivaroxaban as first-line therapy in favor of dabigatran, which was the preferential choice throughout the study period.
Early cardioversion was considered for (1) patients with ≥6 hours of nil per os status, a clear time of symptom onset, and symptoms of <48 hours' duration or (2) patients receiving long-term anticoagulation treatment, with a therapeutic international normalized ratio. The patient's preferences played a vital role in these decisions.
All patients who underwent ECV received a 30-day prescription for anticoagulation medication, regardless of CHADS2 score, and were anticoagulated for a minimum of 1 hour before the procedure. This guideline was based on the consensus of local experts in thrombophilia and cardiology involved in the creation of the algorithm that the risk of embolization from atrial stunning after ECV, even in patients with <48 hours of arrhythmia, outweighed the risk of bleeding from anticoagulation in these patients.
Patients were transferred to the EDOU after initial stabilization and selection of a strategy. Once in the EDOU, management was largely nurse driven, with the observation unit nurse directed to titrate IV medications to achieve a steady heart rate, coordinate timing of cardioversion if planned, notify the cardiologist on call if a consultation was requested, and arrange for prompt follow-up. After rate control was achieved, the patient was transitioned to oral rate control medication. Alternatively, if ECV was chosen, transesophageal echocardiography was performed if there was uncertainty regarding the onset of AF or if the duration was >48 hours. Before discharge, patients had a follow-up appointment scheduled with their primary care provider or a cardiologist within 3 to 5 days. Patients also received a 30-day prescription for the selected method of anticoagulation if indicated.
Data Collection and Processing
Electronic health records (EHRs) with a final ED diagnosis of AF were identified by a data quality analyst. For each patient, the following data were then extracted: date and time of visit, patient age, sex, diagnosis, disposition, medications administered, and length of hospitalization. Then, a focused chart review was performed by a resident emergency medicine physician and a registered nurse quality improvement coordinator. The following data were extracted and stored in a spreadsheet (Excel; Microsoft Corp): history of hypertension, heart failure, diabetes mellitus, cerebrovascular accident (CVA) or transient ischemic attack, body mass index, and cardioversion performed as part of the index visit. Charts were further reviewed for any of the following events within 30 days of the index visit: outpatient follow-up, hospital admission, and major adverse events (defined as bleeding, CVA, myocardial infarction, cardiac arrest, or death). Reviewers agreed on and documented predetermined definitions of historical and outcome features: heart failure was considered present, regardless of preserved systolic function, if a diagnosis was made by a cardiologist; hypertension was considered present if the patient had a previous diagnosis of hypertension; cerebrovascular disease included a diagnosis of stroke, CVA, or transient ischemic attack; and adverse events were included only if they did not occur as part of the index visit or admission. These historical features were used to calculate the CHADS 2 score. If no adverse events were noted in the EHR, we assumed that they did not occur.
To estimate potential cost differences between EDOU admissions and inpatient admissions, we performed a subgroup analysis of the intervention group, comparing patients admitted to the EDOU with patients with an inpatient hospitalization of ≤1 day's duration. Patients were compared only with others from the same 1-year period to limit variability caused by changes in reimbursement. We determined costs for each patient by extracting the internal cost of every billed service within the index visit from an existing internal financial decision support system. Costs that occurred in 2013 were multiplied by 1.01442 to account for inflation before comparing them with 2014 costs. Institutional policy prohibits publication of costs in dollar amounts; instead, we present the relative difference in cost between groups. The limitation on inpatient stay (≤1 day) was selected to minimize the effect of the inherent selection bias regarding directing patients toward inpatient hospitalization versus EDOU admission. Presumably, patients with an inpatient length of stay of ≤1 day likely could have been cared for similarly in an EDOU setting.
Data Analysis
The primary outcome measure of our investigation was the inpatient admission rate. Secondary outcomes were shortterm (30-day) events, including return ED visits, readmission, adverse events, and outpatient follow-up. Inpatient admission was defined as any admission to the hospital, regardless of hospital status or duration of hospitalization, and included patients admitted under observation status. Patients admitted to the EDOU were considered separately. Additionally, within the intervention group, we investigated features associated with cardioversion, as well as compared features associated with inpatient versus EDOU admission.
Data analysis was performed with the SAS software package (SAS Institute Inc). Continuous variables are reported as medians and IQRs, and categorical variables are reported as frequency counts and percentages. Comparisons of these features between patient groups of interest were evaluated using Wilcoxon rank sum, Fisher exact, and v 2 tests. All tests were 2-tailed, and P values <0.05 were considered statistically significant.
Results
In the year after the EDOU algorithm was implemented, 563 patients who presented to the ED received a final primary diagnosis of AF (intervention group). These patients were compared with a historical cohort of 627 patients (preintervention group). Therefore, 1190 patients were included in the study. Clinical features of these 2 patient groups are summarized in Table 1 . We observed no significant differences in age, sex, presenting vital signs, body mass index, or CHADS 2 score. Diabetes mellitus was more common in patients who presented after initiation of the algorithm (22% versus 17%; P=0.02).
The absolute rate of inpatient admission was reduced after implementation of the algorithm (from 45% to 36%) and the rate of EDOU admission increased significantly (from 30% to 41%; P<0.001). The reduction in the inpatient admission rate represented a 20% relative reduction in overall admissions between groups. When compared with patients admitted to the EDOU, patients admitted to the hospital were older, had lower initial systolic blood pressure, and had more comorbid conditions (Table 2) . Before implementation of the algorithm, 14.7% of patients admitted to the EDOU were converted to inpatient admission, whereas 18.1% were admitted after (P=0.34). Of the 232 patients admitted to the EDOU in the intervention group, 42 patients were converted to inpatient admissions. Converted patients generally were older (median 74 [IQR 61-80] versus 66 [IQR 59-76] years; P=0.04), and more had congestive heart failure (33% versus 17%; P=0.02).
The percentage of patients who underwent ECV remained essentially unchanged (29% versus 28%; P=0.84) after implementation of the algorithm. A total of 337 patients in the study underwent ECV, with 37% of these procedures being performed by an emergency medicine physician in an ED setting and 63% occurring in the catheterization laboratory under the care of a cardiologist and anesthesiologist. This distribution did not change markedly between the preintervention and intervention cohorts. Patients undergoing ECV were younger, had lower CHADS 2 scores, and were more often admitted to the EDOU compared with those who did not undergo ECV.
Outcome data are summarized in Table 3 . For patients admitted to the inpatient service, the median length of stay was 2 days in both groups (P=0.30). Overall, 8 patients died before hospital discharge (3 in the preintervention group and 5 in the intervention group). We observed no significant differences in the rate of return ED visits (19% versus 17%; P=0.48), hospital admissions (18% versus 16%; P=0.22), or major adverse events (2% versus 2%; P=0.95) within 30 days of the index visit. Of the 12 adverse events that occurred in the preintervention group, 8 patients died within 30 days of their visit, 1 patient received a diagnosis of a non-ST-elevation myocardial infarction, 1 patient received a diagnosis of CVA, and 2 patients had clinically significant bleeding. Eleven adverse events occurred in the intervention group: 5 deaths, 3 episodes of clinically significant bleeding, 1 CVA, 1 STelevation myocardial infarction, and 1 cardiac arrest with return of spontaneous circulation.
For the subgroup analysis, we compared the median cost of the 232 EDOU admissions versus the 69 inpatient admissions with a hospital length of stay of ≤1 day. EDOU care was 40% less costly than hospitalization (P<0.001). The breakdown of these costs by category is shown in Figure 2 . EDOU care was less costly with regard to room, professional, medication, laboratory, and ED costs, with >80% of the difference in cost between the 2 groups being accounted for by room and professional costs. 
Discussion
Our study demonstrates the impact of implementing a management algorithm using EDOU care for the treatment of AF. We report a 20% reduction in inpatient admissions without increasing return ED visits, hospitalization, or adverse events within 30 days. Further, we estimated a 40% cost Adverse events, n (%) 3 (1) 7 (4) 0.20 CHADS 2 indicates congestive heart failure, hypertension, age, diabetes mellitus, and prior stroke or transient ischemic attack; ED, emergency department; EDOU, emergency department observation unit.
reduction associated with EDOU care compared with inpatient hospitalizations of ≤1 day. The advantage of our observational, retrospective design was the ability to evaluate an algorithm that is actively in practice, thereby enhancing the clinical applicability of our findings. Disadvantages of our single-site retrospective review include reliance on chart review, which may have resulted in missed cases, inaccuracies in the medical history, missed procedures (eg, cardioversion), and incomplete capture of adverse events. Notably, our hospital system accounts for two-thirds of local ED visits and serves as the regional referral center, and our institution possesses a highly integrated EHR that captures much of the surrounding primary care. Further, as the implementation of the algorithm was part of a quality improvement initiative, patients were identified and prospectively added to a quality improvement outcome collection database during the postintervention period; this outcome information was incorporated into the final analysis.
In addition to potential inaccuracies introduced by chart review, the consecutive preimplementation and postimplementation design of our study introduces the possibility that outcome results were confounded by ongoing changes in standard practice as well as by other health system improvements that were ongoing throughout this period. To our knowledge, there were no major national guideline changes or local system changes that would account for these results. In contrast, during the intervention period, our ED facility underwent a massive renovation. In fact, construction began 4 days after the introduction of the AF treatment algorithm. This renovation resulted in widely fluctuating availability of EDOU beds. These logistical challenges likely limited the full impact of the algorithm.
The retrospective nature of our study limited our ability to truly compare costs, given that patients who were admitted as inpatients likely did not meet criteria for the EDOU or were judged to be more ill than their EDOU counterparts. Understandably, patients admitted as inpatients were older and generally had more comorbidities (Table 2) . To minimize the impact of this inherent referral bias, we limited our inpatient admission cost analysis to patients hospitalized for ≤1 day. We hypothesized that patients with very brief hospitalizations were unlikely to be vastly different from the EDOU population and were more likely admitted for logistical reasons, particularly lack of space in the EDOU. Notably, a recently published, large, multicenter epidemiologic study reported a median length of hospital stay of 3 days (IQR 2-5 days) for patients admitted for AF. 6 In our study, the median length of stay for patients admitted to the hospital in both the preintervention and the postintervention group was 2 days (IQR 1-4 days). Thus, we may have significantly underestimated the cost difference. However, we were unable to truly compare costs between these 2 approaches, nor were we able to compare preintervention versus postintervention costs because of marked changes in reimbursement during the study period. The 40% difference in cost observed between the EDOU group and patients admitted with a hospital length of stay of ≤1 day was largely accounted for by reduced room and professional costs. EDOU room costs may be less compared with inpatient admissions primarily because of lengths of stay of <24 hours as EDOU room costs are calculated on an hourly basis. Further, EDOU care is less resource intensive in terms of professional costs as care is largely protocol driven and does not require transfer of care to an additional team or as frequently result in the consultation of a specialist. The lower cost of care we observed in the EDOU group is consistent with the findings of other studies reporting cost savings resulting from the use of EDOU care for the management of chest pain, asthma, transient ischemic attacks, and infections. 22 Two previous investigations of the use of EDOU protocols for AF have been reported. In 2002, Koenig et al 16 published a case series reporting the feasibility of an EDOU treatment protocol for AF, including 67 patients with symptoms of <48 hours' duration. The rate of inpatient admission in that study was 80%, with a 7% rate of EDOU admission and a 19% conversion rate from EDOU admission to inpatient admission. Six percent of patients returned to the ED within 7 days of the index visit. In 2008, our department published a prospective randomized trial evaluating an EDOU protocol for acute onset (<48 hours) AF that included 153 patients. 17 Seventy-five patients were randomized to EDOU management, and 9 patients (12%) were converted to inpatient admission. There was no significant difference between patients in the EDOU group versus those receiving routine inpatient care in repeat hospitalization or adverse events during the follow-up period. In contrast to the 2 aforementioned, prospective feasibility studies, the current study retrospectively examined the Figure 2 . Relative total costs, stratified by category, for patients admitted to the EDOU vs inpatient service. Circle sizes are proportionate to the respective costs of care (40% lower for patients managed in the EDOU). "Inpatient" represents patients hospitalized for ≤1 day. Echo indicates echocardiography; ECV, electrical cardioversion; ED, emergency department; EDOU, emergency department observation unit; professional, cost charged by physicians or advanced practice providers.
impact of an EDOU management algorithm for AF after its implementation into clinical practice. This allowed us to examine the effect of the algorithm on admission rates, which is not possible in the setting of a randomized trial. Further, we did not limit our study to acute-onset AF, as was done in the earlier studies. Multidisciplinary collaboration was critical to create a broadly applicable algorithm, which provided guidance for rate and rhythm control strategies, prompt outpatient follow-up, cardiology consultation within the EDOU, and initiation of longterm anticoagulation therapy when appropriate.
Based on our data, patients with a final primary diagnosis of AF compose 0.5% to 1% of all visits to our ED, which is consistent with previous reports. Because of the retrospective, inclusive design of our study, we likely included patients who were older and had more comorbidities compared with patients reported in previous studies analyzing the impact of AF treatment protocols, particularly with regard to history of congestive heart failure and CVA. 6, 13, 18 Our rates of adverse events were consistent with those previously reported. 2 Even before the implementation of the AF algorithm, our admission rate was markedly lower than that previously reported nationally (45% versus >60%). 13, 14 We postulate that our earlier randomized controlled trial, previous quality improvement initiatives, and availability of primary care and subspecialty follow-up at our institution contributed to this difference. Before algorithm implementation, 30% of patients who received a final diagnosis were already being admitted to the EDOU. A practice algorithm such as ours would likely have the largest impact at a center that currently does not use an observation unit for acute AF management.
Conclusion
The implementation of an EDOU management algorithm for AF was associated with a 20% decrease in hospital admissions without increasing return visits, hospitalization, or adverse events within 30 days. EDOU care was 40% less expensive than hospitalizations of ≤1 day. Therefore, adoption of similar management algorithms would likely result in considerable cost savings for the management of this increasingly prevalent and costly medical condition.
